Purpose: This paper revisits the conceptualization and measurement of human capital in entrepreneurship research.
INTRODUCTION
Human capital is a central theoretical construct in entrepreneurship research, as recent meta-analytical reviews show (Martin et al., 2013; Unger et al., 2011) . It represents the knowledge and skills -whether general or specific to the task context -that individuals bring to a task they set out to perform and, as a basic tenet, is expected to improve task performance (Becker, 1975) . Based on this intuitive and appealing premise, human capital has been used to predict a range of entrepreneurial outcomes such as becoming a nascent entrepreneur or selfemployed, new venture formation, and new venture performance and survival. The challenge for empirical research, however, lies in translating the theoretical notion of human capital into valid operationalizations in empirical studies. The purpose of this paper is to critique the current practice of using disjointed proxies of education and experience and discuss how human capital can be represented in a more holistic manner. Bruderl et al. (1992) emphasize the need to adapt the construct of human capital to the particular context of study and, accordingly, distinguish traditional indicators of general human capital (education and work experience) and three indicators of human capital specific to the context of entrepreneurship: entrepreneurial experience, industry experience, and managerial experience. Each of these five indicators offers a glimpse into the entrepreneurs' human capital and, to the extent that it is used in a study, can be expected to have a positive relationship with the entrepreneurial outcomes of interest. But as the brief review below suggests, the evidence for such relationships is relatively mixed. Rather than aim to provide a comprehensive overview of human capital in entrepreneurship research, this review serves to highlight the complexity of the relationship between human capital inputs and entrepreneurial outcomes, based on different 3 conceptualizations of human capital as well as contexts in which it is developed (Martin et al., 2013; Unger et al., 2011) .
In regard to general human capital, there is evidence that both education and work experience increase the likelihood of engaging in start-up activities (Davidsson and Honig, 2003) and of venture survival (Bates, 1990; Bruderl et al., 1992; Gimeno et al., 1994) . But equally, other studies have shown no relationship of these human capital indicators with business survival (Bosma et al., 2004) or with the achievement of nascent business milestones (Davidsson and Honig, 2003) .
For entrepreneurial experience, evidence suggests positive relationships with becoming a nascent entrepreneur (Davidsson and Honig, 2003) , successfully founding a business (Rotefoss and Kolvereid, 2005) , and the likelihood of future self-employment (Carroll and Mosakowski, 1987; Evans and Leighton, 1989) . In addition, prior entrepreneurial experience can positively affect venturing progress but has no effect on the likelihood of first sale (Davidsson and Honig, 2003) ; and vice versa, it is associated with higher initial venturing progress but has no effect on subsequent progress (Samuelsson and Davidsson, 2009) . Similarly, studies show a positive relationship between entrepreneurial experience and firm size (Bruderl et al., 1992; Colombo et al., 2004) , profitability (Bosma et al., 2004) , and external funding (Chatterji, 2009 ) and, at the same time, no effect on new venture survival (Bosma et al., 2004; Bruderl et al., 1992; Delmar and Shane, 2003; , the timing of new product introduction (Schoonhoven et al., 1990) and new venture performance (West and Noel, 2009 ).
In regard to industry experience, there is tenuous relationship with successful transition from nascent to infant entrepreneur (Wagner, 2005) , but also no relationship with venturing progress (Samuelsson and Davidsson, 2009) . Similarly, some studies show a positive 4 relationship between industry experience and funding (Chatterji, 2009) , and growth and survival (Bruderl et al., 1992; Cooper et al., 1994; Gimeno et al., 1997; Pennings et al., 1998; Stuart and Abetti, 1990) , while others have found no effect on survival (Delmar and Shane, 2004) , on the timing of new product introduction (Schoonhoven et al., 1990) , and on performance (West and Noel, 2009 ).
Finally, for managerial experience, some studies have shown it to have no effect on new venture survival but positive effects on various initial organizational characteristics (Bruderl et al., 1992; Colombo et al., 2004) ; others have shown the opposite, i.e. positive effect on organizational survival and no effect on business performance (Bosma et al., 2004) .
There are two ways to reflect upon and reconcile this mixed evidence. First, one can argue that different entrepreneurial outcomes are sufficiently complex and thus important contingencies or intervening factors may be omitted in the various studies (e.g. Dimov, 2010) .
Indeed, Unger et al.'s (2011) assessment clearly shows that an overall low relationship between human capital and entrepreneurial success subsumes a variety of moderating factors such as the nature or task relatedness of human capital, the business context, and the particular success measure chosen. Second, one can argue that the extant modeling of the relationships between the human capital indicators and entrepreneurial outcomes does not reflect the nature of the human capital construct. Indeed, models do not normally include all five indicators, perhaps reflecting an implicit assumption that they may be interchangeable as proxies of human capital. In addition, models typically include only the direct effects of the indicators, thereby ignoring any configurations among them. This paper focuses on the second argument by revisiting the nature of the human capital construct and suggesting new approaches to its understanding and representation. In the next 5 section, it contrasts the reflective and formative conceptions of human and present evidence for the latter: rather than being interchangeable proxies of an underlying construct, the five human capital indicators are independent building blocks of human capital. In the third section, it elaborates on this formative relationship by exploring the distinct configurations among the five indicators, based on qualitative comparison analysis (QCA). In the fourth section, it re-examines these configurations as they relate to venture emergence.
REFLECTIVE AND FORMATIVE CONCEPTIONS OF HUMAN CAPITAL
The relationship between a theoretical construct and its measures represents an important yet overlooked aspect of theoretical reasoning (Edwards and Bagozzi, 2000) . Edwards and Bagozzi distinguish two types of relationship, reflective and formative. In the first, a construct is viewed as a cause of its measures. Such measures are termed reflective as they represent manifestations of the same underlying construct. This conception underlies considerations related to reliability and factor analysis. It presupposes high correlation among the measures (indicators) and models these measures as a function of the underlying construct and (measurement) error (Kline, 2005) . As such, reflective constructs require a minimal but not necessarily exhaustive set of consistent indicators.
In contrast, in the second conception, measures are viewed as causes of the respective construct. In this sense, the construct is formed by its measures. The classic example of a formative construct is socioeconomic status (SES), which is inferred from observable characteristics such as education, income, and occupational prestige (Heise, 1972) , each of which contributes independently to the level of SES. More broadly, a formative construct is defined and caused by certain antecedent indicators (Edwards and Bagozzi, 2000) and does not presuppose high correlations among its indicators (MacKenzie et al., 2005) . Key to the development of 6 formative measures is the identification and use of an exhaustive list of relevant indicators (Diamantopolous et al., 2008) .
Conceptually, human capital can be more readily portrayed as a formative construct, i.e.
as comprised of one's education and work, entrepreneurial, industry, and managerial experience.
Changes in one's education or specific experience can increase human capital even of the other experiences remain unchanged. Therefore, properly capturing one's human capital requires inclusion of all relevant indicators of education and experience.
In order to compare the reflective and formative conceptions of human capital, the paper used data on nascent entrepreneurs from the Panel Study of Entrepreneurial Dynamics (PSED)
II. This dataset represents the largest and most representative study of nascent entrepreneurial activity (Reynolds and Curtin, 2008) , and has been used in over 120 peer-reviewed publications 1 .
Although the data chosen here comes from the USA, the PSED methodology has been applied across a number of countries. Thus, there is an opportunity to replicate the results presented here across a number of different national contexts.
Data on Nascent Entrepreneurs' Human Capital
The PSED II contains a cohort of 1,214 nascent entrepreneurs, identified through the screening of a random sample of 31,845 adults between October 2005 and January 2006 and followed over 5 years, as explained in detail by Reynolds and Curtin (2008 In addition to the above five indicators of human capital, the analysis included two perceptual measures of human capital, based on the respondents' degree of agreement with the following statements: "Overall, my skills and abilities will help me start this new business" and "My past experience will be very valuable in starting this new business". These statements reflect the definition of human capital as the knowledge and skills relevant to a task at hand and were measured on a five-point scale, ranging from strongly agree (5) to strongly disagree (1).
Full set of data were available for 1,185 nascent entrepreneurs. Table 1 provides the descriptive statistics and correlations for the seven indicators of human capital. Notably, although these indicators exhibit positive inter-correlations, these correlations are relatively low.
---Insert Table 1 about here ---
Analysis
The reflective and formative conceptions of human capital were compared in a structural equations modelling (SEM) framework. Since formative models are under-identified and thus cannot be estimated on their own (Bollen and Lennox, 1991) , one recommended estimation Figure 1 provides a summary of the estimated models.
---Insert Figure 1 about here ---
A second step of the analysis involved a vanishing tetrad test to evaluate whether the reflective specification of human capital represented a proper model structure (Hipp and Bollen, 2003) . A tetrad is formed from four random variables and represents the difference of the products of the covariances of two different pairs among the four variables. A tetrad is vanishing when the said difference is zero. In determining whether a model is properly specified, the vanishing tetrad test is based on the notion that, given the model structure, some of its tetrads should be vanishing. In a reflective model, assuming that the error terms have no correlations among themselves and with the underlying construct, all tetrads implied by the model should be vanishing (Hipp and Bollen, 2003) . A global test compares the observed covariance structure among the five variable with the covariance structure implied by the reflective model (Hipp et al., 2005) . The test indicated that the null hypothesis of all vanishing tetrads can be rejected (χ 2 (5) = 15.19, p < .01).
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This analysis suggests that a reflective model is not a proper representation of human capital. While there is a common factor to the five indicators, this factor explains only a very small proportion of the variance of those indicators. Indeed, an exploratory factor analysis of the five indicators reveals that no other factors are evident in the data -the eigenvalue of the second factor is only 0.064. Therefore, one can conclude that the five indicators of human capital operate in an independent manner and so are more appropriately considered as its formative measures. The next section examines the nature of the formative relationships.
CONFIGURATIONS OF HUMAN CAPITAL INDICATORS
How can the human capital of two individuals with different experiences, both in terms of extent and nature, be compared? Can a higher educational degree be compared with a few extra years of entrepreneurial, industry or managerial experience? These are clearly difficult questions that go to the heart of our understanding of human capital as formed by its indicators.
They suggest that, in terms of their human capital, individuals can be more meaningfully compared in a holistic rather than piecemeal manner. Ragin (1987) distinguishes variable-and case-oriented approaches in making comparisons and studying relationships, each involving a trade-off between complexity and generality. The former approach reduces individual cases to a set of variables with the goal of discovering general relational patterns between these variables and an outcome of interest. In this approach, there is an implicit assumption that the sought effects exist independent of context.
The latter approach treats individual cases as holistic configurations and seeks to appreciate the complexity of how their elements combine to produce certain outcomes. It is thus suitable for studying conjunctional causation, i.e. when several conditions jointly determine an outcome of interest.
The particular method that arises from such configurational thinking, Qualitative
Comparison Analysis (QCA) has gathered significant momentum in the organizational and management literature as a way of capturing the more complex nature of causality (e.g. Fiss, 2007; Greckhamer et al., 2008) . It has also been successfully applied in the entrepreneurship literature as a means of understanding the effects of more holistic configurations of factors (Krause et al., 2014; Mandl et al., 2016; Muñoz and Dimov, 2015) . The broad contribution of this work is to highlight the conjunctional and equifinal nature of the relationships that comprise the entrepreneurial process, whereby factors normally considered on a piecemeal basis are rarely sufficient on their own as they interplay with other conditions (Muñoz and Dimov, 2015) . The next two sections outline the logic of the method and illustrate its application to deriving human capital configurations.
Methodological Considerations
The classic functional representation of a formative construct is as a linear combination of its indicators, i.e. HC = ∑β i x i + ε, where β i and x i represent respectively the weight and value of indicator (i). In this variable-oriented formulation, the individual components are added to produce a total human capital score. There are two challenges to this formulation. First, the total score is sensitive to the scale on which the individual indicators are measured. combination. This approach is holistic by design and moves from maximum complexity towards some simplification of that complexity. In this method, the unit of analysis is the configuration of factors rather than the individual for whom these factors are measured. In the simplest, "crispset" version of this method, the factors of interest and the outcome are dichotomous in nature, i.e.
they can take on a value of zero or one that indicate whether the factor is absent or present. Once a truth table is constructed, certain minimization algorithms can be applied to produce "prime implicants", i.e. configurations that cannot be reduced further and that can be combined to produce all the configurations in the original truth table. This is a process of bottom-up simplification in which two conditions that produce the same outcome but vary on one factor can be combined into a condition in which this factor is deemed redundant.
An extension of this qualitative comparison analysis involves moving from "crisp" sets, in which all factors are dichotomous, towards "fuzzy" sets (Ragin, 2000) . In a fuzzy set 12 framework a factor can take on gradated values between zero and one. This allows the researcher to specify the conditions that allow specifications of conditions when the factor can be deemed absent, present or in between. Based on a multi-dimensional assessment of how close a particular combination of factors is to a crisp-set counterpart, a set of configurations is derived that represents a truth table. The fsQCA software facilitates the production of the truth table -subject to the qualitative input provided by the researcher -and automates the minimization algorithms.
Empirical Illustration
For the human capital data on entrepreneurs from the PSED II dataset, a crisp-set application may not be appropriate. Indeed, to classify individuals as having vs. not having experience or having vs. not having education requires sensitive judgments about the point of dichotomization. This judgment is alleviated in a fuzzy-set analysis. An important first step in this analysis is the calibration of the variables, i.e. scaling them over the range from zero to one, with one indicating full inclusion in the respective set, zero indicating full exclusion from the set (Ragin, 2000) . The calibration procedure involves the specification of at least three values representing respectively when a variable can be considered a clear member of the set, when it can be considered "in between", and when it can be considered a clear non-member (Ragin, 2006) .
For the education variable, the calibration values used were 4, 3, and 2 (i.e. bachelor degree, some college or vocational degree, and high-school degree). Thus, individuals with at least a bachelor degree are considered as belonging to the education set, those with a high-school degree or less are considered as not belonging to that set, and the rest are considered in between the two sets. For entrepreneurial experience, the analysis used 2, 1, and 0 as calibration values. ---Insert Table 2 about here ---
The truth table for this analysis is presented in Table 3. This table contains than 0.5 membership in the respective corner of the vector space (Ragin, 2006) . Notably, only 478 cases (out of 1195) are shown to belong to one of the 32 conditions. For an empirical typology, the outcome variable represents whether a condition is more or less prevalent. In this case, with 478 cases and 32 conditions, each condition is expected to have 15 cases if the cases are randomly distributed across conditions. Therefore, all conditions in which the number of cases exceeded 15 were coded as one and the remaining cases as zero.
14 ---Insert Table 3 about here ---After performing the minimization algorithms, the following solution is derived:
In this notation, whether the letter is uppercase or lowercase represents whether the particular indicator is present or absent in a particular condition. The multiplication operation in the above notation represents the Boolean "AND" and shows joint presence of several indicators.
The addition operation represents the Boolean "OR" and is used to join terms that each constitute dominant representations of human capital. Thus, there are four such representations: no education, work experience, no entrepreurial experience (dWe); education, work experience, managerial experience (DWM); work experience, industry experience, managerial experience (WIM); and no work experience, no entrepreneurial experience, no industry experience, no managerial experience (weim).
Given that only 478 cases are captured by this analysis, the paper also examined the full range of cases using a crisp-set analysis, in which the human capital indicators were dichotomized along their median values (>3 for education, >10 for work experience, >0 for entrepreneurial experience, >5 for industry experience, and >7 for managerial experience). In addition, it also performed these analyses on the subset of "solo" nascent entrepreneurs, i.e. those operating alone on an independent business, in order to exclude the possibility that when entrepreneurs act in teams they may do so on the basis of complementary human capital. There were 532 solo entrepreneurs in the data and full data were available for 511 of them. The results from the three additional analyses are as follows:
(2) all cases, crisp-set: HC = dWM + WEM + WIM + weim + dwim + dwem (3) solo cases, fuzzy-set: HC = WM + deim (4) solo cases, crisp-set: HC = WIM + deim + dwim + dwem + dWEM There are two patterns that are observed in these solutions. First, the fuzzy-set combinations seem to be a subset of the crisp-set combinations, due to their use of stricter criteria for inclusion in the different conditions. Second, the human capital combinations of solo entrepreneurs are generally a subset of the human capital combinations of all nascent entrepreneurs. This is to be expected, since among the entire group of entrepreneurs there may be those who only act because of the involvement of their partners who may bring some important missing skills.
Equation (3), derived from a fuzzy set analysis of solo entrepreneurs suggests that two dominant human capital constellations represent the majority of nascent entrepreneurs. The first involves a combination of work experience and managerial experience (WM). This combination is present in all of the other solutions as well. The second involves a combination of no education, no entrepreneurial experience, no industry experience, and no managerial experience (deim). Portions of that combination are also present in all of the other solutions. These two combinations are difficult to represent using a variable-oriented approach since they would require the construction of two-, three-, and four-way interactions that would not only pose statistical power challenges but also make interpretation very difficult.
HUMAN CAPITAL AND VENTURE EMERGENCE
As a final illustration of the utility of QCA, the paper examines the relationship between The results of the two estimations are shown in Table 4 . In the multinomial logit model, none of the human capital variable help explain the reaching of operating status. In regard to abandonment, industry experience had a negative and significant effect (p < .01), suggesting that nascent entrepreneurs with greater industry experience were less likely to abandon their venturing efforts. In the logit model, both industry and managerial experience had positive and significant effects (p < .05). This suggests that when comparing the abandoned and operating status cases, the latter involved nascent entrepreneurs with greater industry and managerial experience.
---Insert Table 4 about here ---
The second analysis involved a qualitative comparison among the nascent entrepreneurs based on fuzzy sets. It calibrated the venturing status variable so that operating status and abandonment were considered respectively members and non-members of the venture emergence set and the still active category was considered in between. The truth table is shown in Table 5 .
Following established recommendations, the analysis focused only on the conditions with at least seven cases, thus capturing 82% of all cases (Ragin, 2006) . It then coded the outcome variable as zero or one based on the degree each condition was estimated to belong to the set of operating businesses. The truth table in fuzzy-set analysis offer two measures of the degree to which a 18 particular corner of the vector space -as defined by the combination of indicators -belongs to the outcome set: consistency and proportional reduction in error (pre). The former represents the degree to which membership in the particular condition is a consistent subset of the outcome set.
The second represents the degree to which the error in predicting the outcome is reduced if one knows the condition to which a case belongs. The product of the two measures can be used to identify gaps in the range of consistency measures and thus draw the line between the two categories of the outcome variable. In this case, the outcome was coded as one for 3 conditions and as zero for the remaining 9 conditions.
---Insert Table 5 about here ---
The application of the minimization algorithm produced the following solution:
It suggests that two combinations of human capital indicator are associated with reaching operating status: no education, work experience, industry experience, and managerial experience (dWIM) and education, work experience, entrepreneurial experience, and no managerial experience (DWEm). In both cases the nascent entrepreneur has extensive work experience, but in one case it is complemented by extensive industry and managerial experience (and less education), while in the other case it is complemented by more education and extensive This work suggests that a major re-orientation is necessary in terms of how entrepreneurship researchers view and use the construct of human capital. Human capital represents the collection of knowledge and skills -derived from education or experience -that an entrepreneur possesses and can put to use in the context of particular venturing efforts. This collection is most appropriately represented by not only jointly considering the relevant sources of knowledge and skills but also understanding how these sources are combined in individual entrepreneurs. In a way, the term "capital" is misleading as it superimposes a notion of a homogenous medium that is characterized largely by its amount, just like financial capital.
The original conception of human capital was introduced in order to measure the returns to years of education and experience, on the assumption that each year of accumulation represented a unit that is consisted and interchangeable across different domains of experience.
The time has come to acknowledge the limits of the capital analogy and consider that the human application deals with different dimensions. Thus, whereas financial capital can have many sources, they are ultimately assembled in the same bank account: £10 million of financial capital 21 can be assembled from different sources, all to the same effect. In contrast, the sources of human capital each feed into different pockets of accumulation and thus various knowledge and skills:
10 years of total experience can amount to qualitatively different capacities depending on the individual experience of which they are composed (e.g. education, industry, managerial, entrepreneurial).
This call for a qualitative understanding of human capital is not new. Indeed, Dimov and Shepherd (2005) demonstrated that the source of experience for venture capitalists was essential for understanding their investment performance; there were important nuances to the broader labels of 'general' and 'specific' as applied to human capital. Similarly, Unger et al. (2011) distinguish outcomes of human capital investments (knowledge or skills) from the human capital investments themselves (education or experience), with the former exhibiting overall stronger effects on entrepreneurial performance. Gabrielsson and Politis (2012) show that In regard to empirical representation of human capital, there is a need to move away from a single score that captures quantity rather than quality, towards a qualitative combination of various human capital indicators. Using human capital variables (i.e. quantities) enables us to focus on and analyse a large number of cases, at the expense of depersonalizing each individual case and removing it from its context. This is due to treating each unit of human capital as identical replication, regardless of its source. As a result, the relationships such measures represent tend to subsume much heterogeneity as to weaken their effects (Unger et al., 2011) and thus to be difficult to apply to or understand in particular cases. In contrast, the QCA framework discussed in this paper allows appreciation of the complexity of individual cases while also retaining the ability to examine a large number of cases.
The contribution of QCA analysis is threefold. First, through the use of calibration, it draws a distinction between theoretically relevant and irrelevant variation, as separated by the threshold of full membership in a case category. For example, if we consider 10 years to be a threshold beyond which any one would be considered very experienced, then the difference between 15 and 30 years of experience should be considered theoretically irrelevant (i.e. both cases are very experienced). And yet, in a quantitative sense, they are different by a factor of 2.
While the differences in experience between 1 and 2 years, between 3 and 6 years, and between 8 and 16 years are represented by the same factor of 2, we intuitively feel that they are not the same. In this regard, calibration provides alignment between our theoretical arguments and empirical measures. It enables quantitative measures to be recast in terms of the shades of quality that signify theoretical relevance.
Second, the QCA methodology enables us to address the issue of limited diversity, i.e.
the fact that the full combinations of variable values are not observed in our empirical settings (Ragin, 1987) . Related to this is the asymmetry in the operation of a factor, namely that the effect of its presence is qualitatively different from the effect of its absence. In a linear modelling framework, this asymmetry is lost as the effects of increasing and decreasing the value of a factor are considered mirror images of one another. Thus, when an effect is positive, one automatically presumes that increasing the value of the factor will increase the value of the output; and that decreasing the value of the factors is deemed to decrease in the value of the output. With calibration one can pinpoint whether an effect is due to the increase of a positive factor or a decrease of a negative factor. As QCA emphasized equifinality -i. numerical values, this approach assumes that the high-high-high combination is the best, thereby limiting the empirical exploration of the data. In addition, no distinction can be made between low-high-high, high-low-high, and high-high-low combinations if they produce the same deviation scores. Thus, while the variance decomposition approach employed in linear modelling is methodologically rigorous, it downplays the meaning of the numerical representations it employs. In contrast, the QCA method -through its emphasis on calibration and reliance on different analytical logic -retains the complexity and theoretical meaning of its representations.
CONCLUSION
In conclusion, the appeal of the construct of human capital in entrepreneurship research My past experience will be very valuable
